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SOIE RESULTS OF GLACTOLOGICAL INVESTIGATIONS O SHE
TERITTORY OF THE USSH ACCORDING 70 THE IGY PROGRAM

The following:are translations of vari-
ous articles appearing in Opisaniye Ob'yektov
Glyatsiclogicheskikh Issledovaniy, Provedenny-
kh po Programme Mezhdunarodnogo Geofiziches-
kogo Goda ra Territorii Sov etskogo Soyuza (De~

-+ geription of Subjects of Glaciological Investi-
gations Conducted on the Territory of the’So~ . -
viet Union under the IGY Program), Moscow, 1958,
pages 4-18, 19-41, 42-56, and 139-160,7 -
Glaciological Investigations According to the IGY Program
i . on Franz Josef Iand S

by M. G, Grosvalld and V. L. Sukhodrovskiy -

On the major glacial areas of the Soviet Arctic,
Franz Josef Tand, is an island group situated on the nor-
thern edge of the Burasian continental shelf between ..~
790451 and 810511 1lat, I and 44°45!' and 65°25! long. E.’ |
It‘n?mbers over 150 islands, whose total area equals 16,435
sq. Ims, o S IS ' . _

" Franz Josef land is formed by Triassic and Jurassic
platform deposits, which have been covered over and incised
by basalts of Cretaceous age. In the Cenozoic, this mass
was broken up into a series of blocks and uplifted . to an
average of 150-200 m above sea level, Its tabular struce
ture determined the plateau~like relief of the islands
which, in turn, in many ways affected +the shape and extent
of glaciation and favored the growth of extensive ice
COVers, S S o
The other, basic, condition g overning glaciation
has to do with the low position of the climatic snow line
in the island group area, due to its position.in high la-
titudes, the cooling effect of jce~containing waters surw=
rounding the islands, and cyclonic activity, favoring the
arrival from the west of air masses high in moisture con-
tent, It is precisely for these reasons that Franz Josel
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Iand, which, in total glaciated area, ranks only third in
the Soviet Union, following Novaya Zemlya and Severnaya
Zemlya, is far ahéad of both these regions in the intensity
of its’glaciation, According td data obtained by aerial
survey, 86,9 percent of the area of the island group, or
14,330 sq kms, is under icei Such an extent of coverage
of land by ice makes the latter the major feature of the
landscape on these islands, and makes for analogy between
Pranz Josef Land and Antarctica &nd Greenland, ‘

Glaciation in the island group is of the sheet type.
Tts morphology, as a whole, is'that characteristic of ice
covered areas in polar regions, The basic features of the
ice cover are the flattened ice domes of the plateau-like
divides, in which ice thickness at times exceeds 300 m,
and the various "drainage" glaciers fed by the domes and
which vary from short and broad tracks to complex.valley
and piedmont glaciers, The termini of these.glaciers near-
ly always reach the sea and frequently form floating lobes
or small ice shelves,

The features noted in the glaciation of Frans Josef
Iand make the latter an interesting and important subject
for glaciological and glacio~climatological investigations,
At the same time, it has obviously been studied insufficient-
1y until now, Arctic expeditions which have studied the
island group or have used it as a base for reaching the North
Pole were hardly interested in glaciation, Only a few in-’
vestigators have made isolated g1a01ologloa1 observations
while engaging in other studies,

A beginning in specialized studies of b1aola’clon in
Franz Josef Iand was made by an expedition of the Arctis
Institute (1947-1952), based in Tikhaya Bay on Hooker I, -
Most of the work of the expedition took place on the Chur-
lyanis dome and on the Sedov and Yuriy glaciers in the
northern part of the island, These researches led ‘to the
gathering of most valuable materials pertaining to the mor-
phology,; equilibrium, thermal regimen and history of gla-
ciation, and the motion and structure of the ice, The in=-
filtration process of ice-~formation was identified for the .
Tirst time in the Soviet Arctic on the domes of this island
group,. . : .

' The glaciological expedition to Franz Josef Iand

during the IGY was organized by the Institute of Geography
of the Academy of Sciences USSR, .. The work of the expedition
is slated to extend over a period of two years, from summer
18957 to summer 1959, As in 1947-1952, the subject chosen
for study is again the Churlyanis dome and the Sedov and
Yuriy glaciers on Hooker Island, so as to ensure continuity
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in the studies and to obtain comparative materials in all
major types of observations. o G SR

" The expedition left Arkhangel'sk on 21 June 1957 on
the diesel ship "Nemirovich=Denchenko"; and arrived in )
Frenz Josef Iand on 26 July, Its arrival to its destina-
tion in Tikhaya Bay was preceded by a 20~-day stopover on
Heiss Island. This timé,wasiuseinn.rOutine'studies of the
ice dome on that island., : For the first time, description
and mapping was possible of the system of marginal channels
testifying to the rapid retreat of the edges of the dome,
and allowing an estimate of this rvetreat ‘as equalling 150~
150 m over the past 30 years, - Data were also gathered on
the discharges of streams carrying glacial mel}t water, o

" On 16 August, the éxpédition landed on Hooker Island.
The main scientific base of the expedition was set up on -
the summit of- the Churlyanis dome, in the gzone ~of snow accu-
mulation and transformation, - A secondary base was set up
in ‘the ablation zone, on a lateral moraine of the southern
margin of the Sedov glacier. - ') D e
' Installations on the Ghurlyanis'dome.included a

weather station, a snow platform, equipment for actinomet=
ric observations and for the stationary study of the tempera=
ture regimen of the glacier, and a M6o1d" and a "warm" lab~’
oratory, A power station and two dwellings have been built,
In addition, it was possible %o free of ice and rebuild the
structure left by the expedition of the Arctic Institute,
. ~ A weather station and a snow platform were also se%
up at the "Sedov Glacier" station, and a dwelling has been .
built for the observers., = ' - S o

'As construction proceeded, work was also initiated
to set up markers for studying the motion and the equilibe-
rium of matter on the surface of the glacler, In August-
September 1957, markers had been set up along a transverse
line across the Sedov glacier, in a broad band along its
longitudinal axis, and along two lines intersecting at the -
apex of the dome, 96 markers in all, Prior o the fall of
the polar night, a triangulation was completed;, which joinw
ed the glaciological markers and the bench marks set up on
the nunataks into'a single net, In addition to the newly -
installed markers, the net also included markers "inherited"
from the expédition of the Arctic Institute,  This makes
possible a comparison of the data of that expedition on =~ -
rates of motion and thgfaCCretionéattrition'equilibrium in-
various parts of the surface of the glaciers with the re-.
sults of our measurememts, ~ . T o B

“During the daylight period of. 1958, is €., in the

,,inﬁerval,from April=to{Septgmber;ftWO”series of repeated -




triangulation operations were performed, one in spring, the
other in autumn, The Tirst covered the Sedov glacier,

while the second'covered both it and the Churlyanis dome ,

At the same time, a' survey was performed of the seaward

edge of the glacierj and markers were set along additional
11nes‘ along a transverse cross section of the Yuriy gla-
cier, on the Medvezhiy residual glacier, along the Avsyuk
valley glacier, and along the perlmeter of the foot of the
dome, 186 markers in- all. A series of operations necessary
to define their positions was also completed,

- The markers are used for systematic observations of
changes in the levels of ice and snow, The initial readings
of these levels for all markers were taken upon their ine-
stallation, at a time which cdincided with the beginning of
accunulation (September 1558), “Subsequently, readings wére
taken every month on 40 markers, - In the ablatioéon period,
in July 1958, readings were taken every 10 days., Observa-
tions on all markers were performed again at the end of the
accumulation‘period, in June, as 'well as. the time of maxi~
mum ablation, in the end of July, The dJune observations
‘were complemented,  in addition, by a snow area survey, using
the trenching method, in the course of which cross sections
were deéscribed and snow compaotness was determined at 125
points,

: Observatlons.or the snow cover follow a broader pro=
gram on the Churlyanis dome, Iere, a survey of snow com-
pactness, observations of the snow level by means of control
rods and measurements of the hardness of the snow surface
by means of a conic hardness gage are performed. every 10
days on a snow platform measuring 100 x 20 m, The survey
included determinations of compactness at 20 points and the
description of the snow profile., A description of the pro=
file every 10 days and the determination of the compactness
of the snow are also performed at the “Sedov Glaciexr"
statlon.

: In addtion, on the dome, measurements were made of
the drifting of snow, by means of BO-2 drift gasges, which
were 1nsta11ed for this purpose simultaneously’at. three
levels (snow surface, 20, and 200 cm above it), several
measurements of evaporatlon were performed with weighing
snow evaporators, and determinations were made of the amount
of "hoarfrost formed by collecting it from an area of one
sqe M, and weighing it. The characterization of the snow
cover is complemented by descriptions of the micro-relief

of the snow which are systematic on the snow platform, and
eplsodlc and routine outside its limits,

A second source of data for estimating the equilibrium
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of‘ma%ter'(asnwell'aS‘thefﬁalﬁﬁéiénpei'

in the glaclers are
westher observations, - These are mad at the weather station
of'the”Ghurlyanis'dome"(altitude:HBSlmm) and that of the
Sedov glacier: (altitude: 64 m)e - it o
As early as the end of August 1957, temperature, hu-

midity and pressure recorders had been installed on the
dome,"while'beginning'l'October, climatologlcal intervals
(1, 7, 13, and 19 hours,*meanxsolar~time);havé'beenuuSed to

séhedule regular cbdervations of the temperature and humi-
dity of the air, of“the ‘temperature at the surface of the

snow' (ice), of wind, using a weather vane set on a nine-meter
mast, of atmosPheric?pressure,,using.a mercury barometer, = -
of precipitation, using. a- Tretyakov precipitation gage (the .
containers are changed every 4 intervals), of snow level,
and of atmospheric frost using a frost scope, ‘The duration .’
of solar radiation is recorded by a heliograph, - Cloud cover,
atmospheric phenomena and . polar auroras are under continuous
observation, N T I L
The weather station nsedov Glacier" went into opera-
tion on 1 Décember 1957, following a somewhat more restric
ted program, The same 4 intervals_are'used.for,observations
of the temperature and ‘humldity of the air, the temperature
on ‘the surface of‘the snow, atmospheric pressure, using an-
aneroid barometer, precipitation, wind, using an’AIME di-
rectional wind gage, -set on the  eight-meter mast, and snow
level, The'station is equippedAWith,Weekly:reQOrders of
temperature, pressure and humidity. = T §
. The majortypes of actinometric observations are per~
rormed at the "Churlyanis dome" station, Along with a =~ °
weather platform, it includes a ‘shed, housing galvanometers,
The roof bears a heliograrph, an. actinometer, a pyranometer
and an actinometric column with a:balance gage and ‘an al~
bedometer, Observations were initiated in October 1857,
Diring the polar night, obsexvations were madé only with.
the balance gage at gach of ‘the four_climatoldgical-inter~
vals, After sunrise,/these weIe increased to a frequency. -
of -eight times in 24 hours, and were made at 0, 3, 6, 9, 12,
15, 18 and 21 hours true solar time, They included direct,
scattered ahd total radiation, radiation balance; and sur-
faoe albedo, In addition, 4 twenty-four series of measure--
ments were made of radiation valance, of the temperature of
the air, and of the temperature of the underlying surface,
2 each during polar day and night. In May -a series of ob=’
servations of this type encompassed all forms of radiation.
) During daytime, observations are made in the field’ ~
. of radiation balance and albedo on the slopes,of.the-dome,;
on the surfaces of the Sedov glacier, on nunataks, on the -
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shoreline terraces and on the sea ice of the bay, as well
as periodic measurements of the total radiation. that pene-~ * .-
trates into the snow layer, using a sub-surface pyranometer,
set at depths of 5, 10 and 20 om, Finally simultaneous odb-
servations with the balance gnge are performed daily once

in twenty-four hours &t Ol hours at stations "Sedov Glacier"
and "Churlyanis dome", = . _ , '

Iapse rate observgtions on the dome are performed
eight times in twenty-four hours at the same intervals as
the actinometric observations, 'They were initiated in Feb~
ruary 1958, Until the middle of May, their program inclu-
ded measurements of the temperature of the alr and wind.--.
velocity at the 0,5 and 2 m levels; and of the temperature °
of the snow a%t‘depths of 10 and 30 cm, After the tempera=
ture had risen, in the middle of May, measurements of wind
velocity, and temperature and humidity of the'air were ini-
tiated at four levels: 0,25, 0,50, 1 and 2 m, using cup
anemometers and Assman psychrometers, while temperatures of
the snow cover were taken at dépths of 5, 10, 15 and 20 cm
with Savinov soil thermometerses BT ’

, Apart from daily lapse rate observations on the dome,
series of determinations of;wind velocity, air temperature
and humidity at the 0,5 and 2 m levels with simultaneous
measurements .of radiation balance were conducted from June
to September 1958 at the "Sedov Glacier" station,

In February 1958, regular studies were begun of the
temperature regimen of the glaciers., On the dome, these
involve a 15~m drill hole, into which are lowered semi- °
conductor  resistance thérmistors to depths of 10, 20, 30,
50, 75 cm; 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 15 m, Simul=-
taneously, temperature readings are taken with semi~conduc-
tor resisbtance thermometers set at the point of contact be~
tween the ice and the snowi,” at intervals of 10 c¢m within
the snow layer, and on a mast at elevations of 2, 4, and '
6 m above the surface of the‘ice, Readings are taken tele-
metrically from these thermometers in the structure con-= °
taining a direct current bridge and a mirror galvanometers
Deadings of the temperature of the air, and of the snow and
ice to a depth of 3 m‘are taken 4 times in 24 hours at cli~
matological intervals, and once in twenty-four hours, at
13 hours, for depths below Zm, '

#Firn is practically absent on: the Chﬁrlyanis dome,_ih the
feeding area of which ice~formation takes place by the ine
filtration processs ) o .



Since the completion of the’drilling of a 70-meter
drill hole on the dome (June:1958), ice temperature is being
measured in addition at depths of 20, 30,40 and 50 m, like-
wise by means of semi~conductor resistance thermometers,
which are read once every five days. A second deeD drill
hole (45 m), on the northwestern edge of the dome near the
level of the snow line, is used for semiwstationary observa-
tions, .In it, the temperature of the ice and of The.upper -
2.5 meters of the underlying deposits 1s measured once every

10 days with a sliding thermal probe, .. R

. Studies of +the temperature of the ice Were begun in
September 1958 at the "Sedov Glacier" station.  Readings
are scheduled at the "same intervals as on the -dome, and are
taken from a 15-m drill hole,. drilled by means of a hand
auger. o ST S - :
. © In addition to the statidnary temperature measure-
ments, a "temperature survey" was performed in May-June to
4nclude 10 points on the Churlyanis dome, It was carried ‘.
over on to the Sedov glacier in September, In this survey,
temperatures are measured by means of thermal probé. driven -
into 12 levels in hand-drilled 5-meter drill-holes,  To
obtain data on the heat content of the layer, field deter-
minations are made of the compactness and porosity of the
ice removed from the drill holes. Several of the drill holes
are equipped with semi~conductor resistance the rmometers
in them, observations of ice temperature are semi~station~ =
ary, and take place once every 10. days. ' '

- Among other work involwving the field study of the ,
thexmal properties of ice, we may mention measurements of -
heat flow at various levels within snow, ice and frozen ‘
ground by means of A, Z, Dmitriev thermotransitometer sets,
which are conducted episodically in the form: of twenty-four
series of hourly observations, o - ' '

For ice drilling, the expédition uses an SBU-150-Z1IV
rig, mounted on three~axle trucks The 70 and 45-m drill )
holes mentioned earlier were drilled by the core procedurei,
The drilling is by means of a core rig 116 and 100 mm in
diameter, To remove ice dust from the hole, we use a com~
pressor, which replaces the mud pump, & slime pipe being
incorporated into the equipment for collecting the dust,

The bit is prepared from the end of a core pipe in the Torm
of a crown drill bit, the usual bit having been found .

- #To the authors! knowledge;‘GOIe drillihgthas“ﬁot'been used
heretofore in solid ice. o ‘ :




unsuitable for drilling in ice because of the insufficient
projection of the cutters. ’

- Ice core samples, samples collected at ice dliffs,
crevasses and spacial excavations, as well as blocks re=-
moved at tenwday intervals from trenches in the snow plate
forms are forwarded to the "cold" laboratory for the study
of tlle physical and mechanical properties of the ice and
snow, The laboratory is hagked out of the ice to a dépth
of 10-meters in the glacier, It has an ayea of 20 sq, m; .
and consists of three rooms: a core sample storage room, -
a room'for the preparation of sections, and the laboratory
proper, in which the temperaturé remains ~9,8° +0,2° the
year around. In the laboratory, ice tables and niches are
used as emplacements for polarizing and binocular microsco-
pes, a photopolarizing apparatus, Tsytovich and Malmgren
apparatus, an ultrathermostat, scales of hydrostatic weigh~
ing,‘and other equipment designed for the study of the struc-
ture, compactness and porosity of ice and snow, of tHeir
thermal and mechanical properties’ (heat conductivity, tem~
perature conductivity; elasticity, cohesion, etc,)., In ’
the "warm" laboratory, pressure is measured in air bubbles,
analyses are made of moraine deposits, samples of melt
water, etc,

Contemporary glaciomorphological processes and glae
cial deposition are investigated mainly by means of field
sorties which covered, during the first year of work, the
Sedovy Yuriy, Avsyuk, Shumskiy, Medvezhiy and Malaniy gla=-
clers, as well as adjacent land areas devoid of ice., In
the course of these trips, materials have been gathered
concerning the composition, $tructure, and mode of formae
tion of present-~day moraines, as they reldate to tectonic -
formations and the motion of the glaciers, A number of‘obw~
servations have born on relid¢f forms on glacier margins, in
particular marginal channels, marine terraces and littoral
embankments, - _ v

Field investigations are being brought to bear on
frozen deposits and relief forms-associated with contempors
ary geocryological processes and, specifically, the supply -
pattern of depositional materials for contemporary moraines,
To obtain some quantitative measure of +the intensity of
these processes, installations have been set up on the slope
of the northern edge of the Sedov glacier consisting of bar-
riers which catch falling erosional material, and in porw=
tions of the slope, of rods buried to varying depths in ‘the
"active" layer, subject to solifluxional flow., The displade-
ment of these rods provides an idea of the magnitude of so~
lifluxional "drainage" of friable deposits from the slope
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to the margin of the glacier:

%

. ‘The work of the expedition 18, as yet, far from com-
pleted, and the results of the observations have been hard-
1y processed at all, . Nevertheless, it is already possible
to present a few conclusions,. of ¢ourse, Highly preliminary
in nature, concernhing the regimen, past history and clima-
tic conditions attending glacidation, =~ . - .

_ First of all, 1% should be stated that the totality
of the facts gatheréd indicates the TFecession of gldaciation
in the island group. This is evident from: . thé rapid re~.
cession of the mergins of all the ‘domes studied, as "marked
by the marginal channels, from the acocretion~attrition ba=~ -
lance of the upper surfaces of the domes, which is close to
zero or-even negative and the gradvual reduction of their
height#, the wide distribution of residual glaciers in the
island group#*i# which are losing or have lost their connec-
tion with domes, the reduction of the size of glacier lobes”
and the formation of -inert ice in their peripheral portions,
and the noticesble reduction in'recent years of the rate
of motion of valley -glaciersii, . B .

n

#A new leveling in autumn of 1958 showed that a bench mark
set on the apex of the Churlyanis dome in 13950 had been lows
ered 2,5 m in relation to the surfacé of the basalt plateau
over an interval of eight years, Inasmuch as only one third -
of amount was found to be compensated by the accretion of
ice, the "net", i. e. non~compénsated lowering of the dome
in that interval amounted to 1,6-1,7 m, yielding a‘rate of
lowering of the order of 20 cm a year, .Apparently, smaller
domes are receding even more (the Sedov dome, for example ),
‘and practically lack feed zones, S S
##Until recently, most of thé residual .glaciers were consid«
ered as belonging to the "drift" type: In the light of our
observational data, this is erroneous,

###The Sedov glacier, for example, has reduced its maximum
rate of flow from 70 to 5%-55 meters anually over the last
10 years.




For the first time, proof has been obtained of the
fact that the recession of glaciation observed at the pres-
ent time began, as shown by data from over a period of many
years, with "continentality", This is apparently not an
accldent; but stands in relation to the increasing coldness
of Arcticd climate noted in recent times, According to the
data of the weather station ‘of Tikhaya Bay; the mean temper-~
atures of all winter months except Janvary; were 3-6° below
the aVeréges‘for a period of several years, thé autumn and
spring were also somewhat colder than "mormal", and the ,
summer was shortér, though noticeably warmer, Precipitation
was also reduced, The mean annual temperature at Tikhaya
Bay (~1202) was found to be 1,8°‘colder than the average
over several years, On the dome, it was also about 20 pem-
low (~14,1) the temperature of the ice in deep drill holcs,
reflecting thé mean temperature of +the air over a period
of many years, Apparently, the trend toward a colder cli-.
mate or, more exactly, its¢ change in the direction of more
pronounced continentality, at least in its present stage,
continues to favor the recession of glaciation which began
under somewhat different climatic conditions,

The meteorological obBservations of the expedition in
various glaciological zones, and +the comparison of the data
therefrom with the data from Tikhaya Bay reveals substantial
differences in all climatic features, The importance of
these differences is particularly great for the matter equi-
librium’ of the glaciers during the ablation period (July- _
Avgust), Mean temperatures for these two months amounted to
+0,80 in Tikhaya Bay, to ~0,3° at the "Sedov Glacier" sta-
tion, and $0 =1.,4° on the dome, On the dome, even July
(which was abnormally warm that year) was characterized by
a sub-zero mean temperature, = The effect of low temperatures
in reducing the intensity and duration of ablation in the
feed zone of the glaciers is intensified by nearly constant
radiation and adiabatic fogs, Thus, while the total duration
of fog in July~August in Tikhaya Bay was 125 hours, this
duration was 10 times as great on the dome, amounting to
1180 hours or° 80 percent of the entire ablation period, At -
the same time, fogs act to reduce considerably (by 1.7 btimes,
according to the data of the expedition) the amount of heat .

that is received by the snow. through radiation, :
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Description of the Points of Observation of the Novaya
© .t U Zemlya Glaciological ‘Expedition .. - .t - -

‘. The Novaya Zemlya Glaciological Expedition is conduc-
ting investigations of the iqefshield;on,Nprth‘Island of .
Novaya Zemlya in thé area of Russian Harbor, under the pro-
gram .of* secientific research by the Soviet Union during the
IGY,  These studies are d continudtion of a study of the
Shokaltskiy glacier and of its feed aréa initiated by the
glaciological expedition of the 2nd International Polar = =
Year of 1932<1933 under the leadership of:M, M, Yermolayev,

" Despite the high latitudes in which the Russian Hare~
bor area is situated, the mean arnnual temperature of the
air (~-8°) is here ¢onsiderably :higher than further east at
the same latitudes, ‘ This is. due’to a ‘¢onsiderable flow of
heat. from the Barents Sea, Thus, for example, the mean
Janvary temperature over a period of years in-Russian Har~
bor is =179.4, but falls to -20°,4 over a distance of 70 kms
in-Blagopoluchiye Bay. -~ . . - . g o
- During the warm part’ of. the year, the'mean monthly
temperature does not rise above +3°,9 (July), and may be -
above zero during four months, - However, freezing spells aré
possible on any day, and thaws may "likewise occur in winters

Measured total precipitation is approximately 160 mm,
but is doubtless reduced by drift of snow out of the preci-
pitation gage as a résult of the strong winds.that usually
accompany snow falls. - SR o R S

The proportion of hoarfrost in thé supply of the gla=
cier is considerable above the snow line, A stable contin-
uous snow cover does not form at elevations below 300 m,
as a result of very strong southerly winds, attaining 40
meters per second, which frequently carry the snow out to =

sea during the winter, .

Tce alsé covers all of the dry land in the area of
Russian Harbor, :Only occasional high points on the periphery
of the ice shield and the rocky littoral-plain (strandfleet)
are freé of ice Tp to an elevation of 100 m, ‘The latter sup-
ports a poor vegétation of Arctic desexrt type, which includes
isolated specimens of ‘a few phanerogemia: saxifrage, whit-
‘low grass, polar poppy, dryads, trailing willow, which grow-
in sheltered depressions neéar Tissures and under the protec—
tion of large -slabs of fallen: rock, Also found are occasion=
al bands and patches of mosses and lichens, . Scaly lichens °
are the only plant cover of the gravél deposits of nunataks,

The Shokal'lskiy glacler is one of the many outlet
lobes of the glactal shield of Novaya Zemlya, - It measures
about 5 km in length and 3,5 km in width, The coordinates




of its frontal fermini are 76909, 5 - 62028' E and 76011'.5 -
629341 B,* The body of the glacier is curved toward the
northwest, and is very minutely fragmented by large crevas<
ses, The glacier orlglnates from the ice of a large fileld,
situated below of the ice fall "The Barrier of Doubts", and
fed in turn by the ice of the central portion of the Shleld

The surface of the Shokal'skiy glacier rises on an
incline from 12-20 m in its frontal area to 150-170 m at
its origin, The angles of slope: of the surface of‘the Tield
which feeds the gla01er are approximately the same, but
decrease at the foot of the "Barrier of Doubts"; where <the
elevation of the surface attains 300-~320 meters, The grand-
iose cliff of thé ice fall raises the surface of the glaoler
to 400~430 m, K, Vellken, a member of the expedition of
the 2nd International Polar Year discovered here by seismic
sounding a sub-~glacial terrace about 350 m in height; the
foot of- Whlch sinks below sea level, Above the "Barrier of
Doubts", the surface 6f the shield rises on an incline to-
waxrd the water divide, being subject to a new abrupt increase
in elevation .only at the "Yablonsxly Barrier", a steep cliff
whose relative elevation is about 50-70 m, and which is
situated 20 kms on a straight line south of the front of the
glacier, It is on its rim that the snow line of the ice
shield passes at an altitude of 570 m, On the meridian of
Russian Harbor, the ice divide of the shield is at an alti=-
tude of 776 m, 35 kms o the south of the front of the Show-
kalfskly glacier,

*~  The Novaya Zemlya glaclolog10a1 expedition is to con-
duct observations in order:to determine:

1l -~ the morphology and dimensions in depth of +the
glacier and present trendsnln their variation; )

2 - conditions of the supply and ablation of the gla-
cier and a quantltatlve measure of its equlllbrlum of mat~
ter;

3 « the structure and composition of the gla01er, as
~well as the physical and mechanical propertles of the ice
"and firn forming it

' 4 - the thermal re8imen of ice layers and of the up~-
per layers of the 11*hosphere, and their thermal equilibrium;
: 5 = ice motion in the glacier;

6 = the regimen, morphology, structure and propertles
of the snow cover of the glacier and surrounding areas;

7 = features of drainage of the melt water of the
°1a01er° -

8 ~ the geological and geomorphological activity of
the glacier, the feqtures of contemporary geocryological and
other exogenous relief~férming processes, of underground. .
ice and frlable deposits,
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E The'néoeSSary:déta aie 66$ainedﬁffom'SyStematic'sta-

 tionary observations and single Ordepisodic'abservations’
end surveys by field perties. For these purposes, ‘the ex=-
pedition has set up several permanent and episodic obser=- ‘

vation polnts, and has laid out
lines (Table 1 and Fig. 1l).

a- number of lines and base

"I Observation points of Fovaya Zemlya Glaciological | ,%
. S . Expedition . S
| e e b Coorddinates {Mbsoiute |
. Heme of P°iﬂt'fc€§:r3§ateszzbgf I'1at,  {long. felevation |
7o} tions  |lishment] | B |OF blatfomm
R R - ' in meters |
‘Toe divide Sta. | Permanent|45,xy,57 75%2? | 62%40 776
i Beryder of o | 1 o
| Doubts Sta. | Permenent| 18.x.57 | 76°07° | 62%90| 234
sgao Kin ?ay‘ eI 1un.st) 76%30 | 6% 11 |
‘POS“{; ' e ‘ E‘pisodic 21"‘,5& ,7600_9.5 62'44’ ‘.‘50

Apart from its own observations, the expedition makes
use of the results of weather observations at the Polar Sta=-
+ion of the lain Authority of the Northern Maritime Passage
This station is situated 600 m north of

2t Rusgian Bay.

the northeastern terminus of
glaciery and has been conducting continuou

"vations since September 15 1932, ' :

Between the Bagtiony Mountains and the ice
bordering on the Chayev Glacier, north of the Barrier of
Doubts, 11 markers have been installed at intervals of 1

kilometer, for the measurement of
3-5 months by geodetic methodse

the front of the Shokal'!skiy
s weather obser-

shed -

ice motion once every
On Yermolayev Mountain

and ot an elevation of 198, base lines were laid out in

Nay 1958 for the quarterly determination of the rate of
%Stion of the ice and the mapping of the glacler by the
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method of terrestrial stereophotogrammetric surveying., Sim-
ilar base lines have been laid out on the Strell!cheni Penine
sula and Shcheuretskiy Cape for mapping the glacier and
photographing its front every half-year, A theodolite and
a level for measuring the twenty-four hour rate of motion of
the ice are being set up every month, from March 1953 on~
ward, on the moraine at the northeastern terminus,

Special lines for observations of the snow cover
have been laid out along the axis of the Shokal'skiy gla-
cier and of the portion of the ice shield adjacent to it
which feeds it, &3 well as along the western and eastern
marsins, Transverse lines have been laid out at the latiw
tudes of Yermolayev Mountain, the Barrier of Doubts and
Anchorite Oasis, Approximately half way between the Yablon-
skiy Barrier and the Ice Divide Station, a closed traverse ’
has been laid out, consisting of ten snow-measuring markers,
Tfrom which markers have been aligned toward the énd-points
of the western and eastern longitudinal profiles, The total
length of the snow-measuring profiles is close to 120 kms,
Readings on the markers are taken every 3-~5 months,

Hydrological observations are being made at the mouths
of streams in marginal valleys‘of the Shokal'skiy glacier,

At the glacier stations, meteorological actinometric,
temperature and lapse rate observations are made according
to the four-interval schedule. Periodic measurements are -
made oi the thickness, compactness and hardness of snow
cover, together with descrlptlons of its structure, ZHsti-
mates are made of the direction and intensity of wind~caused
snow drift, Measurementsof the temperature within the ice
layer began on January 19 1958 at the Ice Divide Station,
and on 26 May 1958 at the Barrier of Doubts Station.

The Ice Divide Station is situated at 34-35 kms (in
a straight line) south of the mid-point of the front of
Shokalt!skiy Glacier, on thé even and flat surface of the ice
shield near the ice divide, Vhen visibility is total and
the weather is clear, it is possible to note a slight grade
in the surface of the shield 46 the south and north of the
station, To the west and east, the surface of the shield
rises slightly, forming the inclined slopes of the western
and eastern glacial domes whose elevation readlnos are, re-
spectively, 880 and 900 m,

In the area of the Ice Divide station, the glacial
ice of the shield is capped by a l5-meter layer of shifting
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layers of firn ice and firn, covered by fresh’snow#, Already
at a few hundred meters away from the station, crevasses
occur in the firn, with widths up to 1 m, They are ocovered
by one~and-a~half to two~meter caps of snow, o o
. The Ice Ditvide Station consists of a weather platform,
1living quarters##, and a laboratory for the study of the
structuré and physico~mechanical properties of snow and
ice (Fige 2)s = . SRV - : :
. The weather platform is situated 50 meters 1o the west
of the living quarters, On the platform-are installed: :
three psychrometric housings for an Avgust psychrometer and
thermometers for extreme temperature readings, twenty-four
hour and weekly thermographs and hygrographs; wild weather
vanes with light-weight and heavy-weight plates, whose shafts
on June 10 1958 were situated 450 cm above show ‘surface, a
Tretyakov precipitation gage;. a universal heliograph, an
actinometric indicator with an actinometer, a pyranometer and
a balance gage, and tuwo two~meter portable masts for lapse
rate observations by the Budyko method, Next to the weather
platform there is a fifteen~metexr drill hole ‘containing plat-
inum and semi~conductor’eléctro~thermometsrs at depths of:’
013'0025 093, 065,'0a75, 1109 1059 200, 205, 300, 4905'6003'
8,0, 10,0 and 15,0 meters, and a plywood housing for reload-
ing the . self-recorders and medsuring the resistance of the
platinum electro-~thermometers, Surface soil thermometers
are installed on the surface of the snow a few meters from
the psychrometiic housing. : , R
62 meters away from the shaft of the vane with the
heavy plate, wooden snow-measuring markers are installed so
as to form a square with sides measuring 46 meters,  The:
corner markers are the points at which descriptions and
measurements are made of the basi¢ characteristics of thé
snow layér: “thickness, structure, compactness by layers,
and hardness, SR . R - : ‘

# 131 cm of snow ( an average from readings at eight marlkers)
fe%l'during the interval from 5 September 1957 to June 10
1958, R C 2 ‘
#% The structure is of insulated frame'type (wood shavings,
fiber packing)e. 'The inhabited portion, weathe r~proofed with
fé1t and plywood, has a brick stove, an area of about 15 sqe.
m, and 1s separated from a 7 m square cubicle for the storage
of coal, provisions and camping equipment, : T
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“At approximately 40 meters to the ESE of the dwelling
at the station, a room has been excavated in the firn layer
(measuring 2.5 x 4 meters) for use as a laboratory for the
-study of the structure and physical and mechanical properw
ties of snow and ice., At the top, the room.is covered by -
boards and buried under 1 meter of show, The S~shaped enw
trance to the laboratory has 3 doors. Electric power‘is =
supplied to the laboratory from a 750 watt power unit, ine
stalled in a housing on a sled, The laboratory is equipped
with industrial and analytical scales, polarizing microscop-
es with microphotographic attachments, a device for deter-
mining gas content and pressure in ice; a device for deter~
mining the permeability ¢f snow to air, sovioroye equip=
ment, an ultrathermostat, and other apparatus, ’

: 80 meters to the northeast of the dwelling, a trench
was excavated to a depth of 25,4 m in May 1958 for the
study of the structure of "the firn layer and of the upper
levels of the glacier ice, ' -7 -

The Barrier of Doubts station (Pig, 3) is situated
on blue glacier ice 2~2,5 kilometers to the nérth of the:
foot of the ice fall of the Barrier of Doubts, The weather
platform and the dwelling unit of the station are situated
on an even flat portion of the glacier, which has a hardly
noticeable slope to the east and southeast, This is the
direction of the drainage ¢f melt water, which washes out
shallow and narrow gulleys, The watér flows into the glacier
through the ice wells of the station, ‘

* As close as 30-40 meters to the north of the dwelling
unit, the surface of the glacier acquires a clearly evident
inclination toward the north, and the first crevasses makes
their appearance and rapidly increase in size, To the west
and  east of the station stretch gently rolling portions of
the glacier, At the latitude of the station on the western
margin of the glacier, there extends a zone strongly dissec~
ted by crevasses. This zone abutts to the Bastiony mountain
range (whose elevations aré of the order of 600-~650'meters),
To the east of the station, a rolling and, in spots, as it
were hilly portion of the glacier gradually rises, levels
off imperceptibly at the latitude of the station, "and acquires
an inclination toward the adjacent Chayev glacier, There are
no crevasses in that area, They arise somewhat further to
the north, separating off a band of scarcely moving or im~
mobile ice near the lateral moraines in the vicinity of Usaw~
chev'Lake and further north at the foot of Yermolayev Ioun-
tain,

The dwelling unit of the station is similar in con~
struction and plan to that of Ice Divide station, and is
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located 50 meters to the north of +the ‘weather platform, The
weather platform bears the same-instruments as the Ice Di=
vide station#, Their positions are ‘shown in Fige 4, The
heizsht of the vane with the light-weight plate is 540 cm,
while +the vane with the heavy~weiuht plate is 620 cm hlgh%o.
. The "Volod'kin Bay" station is situated on an ancient
saore line &t the ‘innermost point of Volod'kin Bay of Rus~
sian Harbor, A psyohrometrlo housing for an August psychro=
meter and thermometers for extreme temperature readings and
a Wild vane with a heavy plate (height of shaft 5.5 m) are
set on the crest of the shore line, A Tretyakov precipita~
tion gage is sét 100 meters to the southwest of the psyehro~
metric housing, Ground temperatures are measured by . sem1~
conductor electro~thermometers on slopes of western and -
southern exposurés and on-the watér shed at elevations ofy -
respectively, 23,07,.19,72 and 47.1 m., Savinov soil- ther=~
mometers have been placed in trenches of western exposure
and on the watershed, Above~ground thermometers have been
installed two meters to the east of the psychrometric-hous-
ing., After observations of soil temperatures had begun on
the western exposure slope’ (at 265 meters to the east of
the - psychrometric hous1ng), the above~ground thermometers
. Wwere transferred to the opehing of the trench containing
semi~conductor thermometers, . ‘
The "Volodkin Bay" station has a remotely operated .
weather station, Its wind direction and velocity recarder
is set on a four-meter high post over the ridge~pole of the
living quarters at an elevation of 11.5 m above ground level,
The temperature gage is set on a bracket on the same post
at ah elevatlon of 175 cm over the southern eave of the
rOOfo
. The 11v1ng quaruers are used for determlnatlons of
the specific gravity and moisture content of soils, During
the winter, the testing of equipment and the first investi~
gations of the structure and physical and mechanical proper-

#The temperatare~measurement drill hole has a depth of 30
meterss - The temperature gages at depths o6ver 15 m are in-
‘stalled at the 20425 and 30 meter levels, . ‘
##Thé station is 31tuated in +the ablatidén zone of the gla~"
cier, ~ 200 cm of ice, not counting snow, melt here in the
_course Of the summer, About 1 meter had melted Dy the end
of July, The weather vane posts were not re-set, .
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+ties of snow and ice were performed in a special wing added-
on the north side to the building containing the power unit,

The "Usachev Iake" post was set up for conducting
hydrological observations at Usachev Iake and the stream
which issues from it, The post is set up in movable heated
building set up in skids, measuring about 6 sq, ms and have
ing an iron stove. The building contains a table, a two=
=level bunk and a small cupboard,

The observatlons made by our expedltlon have’ confite-
med the conclusions of glaciologists P, A, Shumskiy, G. A,
Avsyuk and L, D, Dolgushin in 1954-1955 as to the normal
‘show supply of the ice dome of Novaya Zemlya at altitudes
of over 570 m, while M, M, Yermolayev discovered in the fall
of 1932, the existence on the ice shed, under fresh snow,
of compact (0,903 g/em blue glacier ice of cataclastic :
structure, with air bubbles containing presstres of 2,23 atmq
A trenching of the firn near the snow line in the autumn
of 1957 showed a rapid increase in the thickness of the layer
representing’ the annual snow increment as one moved toward
the ice shed, where strata of milky white and bubble~fillead
firn ice occured at depths as great as 16 m,

Instrument measurements at the glacier front revealed’
that the ice of Shokal'!skiy glacier does not move uniformly .
In winter it moves somewhat more slowly than in spring and
in summer, and variations in vélocity are very abrupt not
only in the course of the week, but even within 24 hours,

The mean 24-hour displacement of the ice down the slope a=-
- mounts to 27-30 cm, and: may vary from 90 cm in‘24 hours to
0, or may even take place in reverse direction, i, e. To
recede without decrea51ng in bulk, Thus, the front of the
glacier - should move out  to sea 100-110 meters annually,
Lowever, the reverse phenomenon is actually obsexrved, and
the front is receding, The Torward motion of the 1ce does
not compensate its destruction by the sea, Geodetic obser-
vations designed to determine the rate of motion of the icé
at the Barrier of Doubts have not yet been fully processed,
thouoh we may expect here a rate of displacement of 70-80
meters annually,

The temperature regimen of the glacier is not without
interest, Manual drilling at the Ice Shed station in Novém-
ber of 1957 revealed humid strata at depths of 8 and 18 m,

A temperature of 0°C maintained itself at the depth of eight
m until February, and until May at 15 meters, then going

down by’ several tenths of a degree, At the Barrier of Doubts
station, stable sub-zero temperatures are maintained at
depths Below 20 meters, and then slowly rise as depth in-
creases, attaining zero degrees, apparently, at 55~60 m,
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Evidence for high temperatures in the deeper portions of the
Tovaya Zemlya glacier is also to.be seen in .the discharge of
its melt water in winter (in February and March) into the
marginal valleys of the. Chayev and Shokal'skiy glaciers,
Ariother indication of heat flow from the earth's crust to
the bottom layers of the glacier appears in the discovery
by O, P. Chizhov of the warming of water masses in the lake
on.Schmidt Peninsula to depths of 10~20 m, ;The temperature

of thé water at the bottom rose from 0°,5-0°,6 in October .
t0 20,6=49;3 in: the end of June, An ice layer over 1-1/2°

n thick formed on the lakes during the winter, Thus, the
long-term frozen condition of the uppermost layers ol the
lithosphere and the sub-zZero mean annual temperature are

not grounds for expecting the penetration of permafrost to
great depths, at least on the western shore of Novaya Zemlya,

There are interesting data on the temperature of the
air and of the surface of the glacier at various points. It
has been found that the mean monthly temperature during’the
winber at the "Barrier of Doubts" station is 3-4° lower, and
that at the Ice Shed, /6-8° lower than at the front, Thaw
lags correspondingly by 2~3 and 4~5 weeks and stops one and
2-3 weeks earlier, The pattern of increase of total preci-
pitation has been established, together with its intensity
and frequency as the elevation of the surface of the glaciexr
rises. Above the snow, line, hoarfrost plays a considerable
role in supplying the glacier, Thus, 4.9 mm of precipitation
were recorded in the'last 5 clear days of December 1957 at
the Ice Shed station, while norie occured at the Barxier of
Doubts or at the glacier front, ‘

Despite frequent winter and spring snowfalls, as a
result of which the thickness aof the snow cover in the feed
area attained 130~170 mm (on 6/10), this thickness was some-
what above 1 meter between the’Barriers, and was only 8-20
em below the Barrier of Doubts, while approximately one’
third of the surface of the glacier was altogether bare, At
the front, snow occured only in thin patclies; covering no
more than one third of the ground surface, Snow filled all
the crevasses below Yermolayev Mountain, with the exception
of particularly large ones on the western edge of the Barrier
of Doubts, Such an uneven distribution of the snow is due to
strong southerly and south~easterly winds, For orographic
reasons, their velocities are particularly high somewhat
north of the Barrier of Doubts, Thus for example, when mean
wind velocity in Febrwary is 6.3 m/sec at the Ice Shed sta-
tion and 8 m/sec at the Ffront; it attained 11,1 m/sec at
the Barrier of Doubts station, It is not surprising that
winds of such force should displace an enormous amount of
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snow durlng Snow storms, ,
"In his observations of migration’ of snow during snow"

storms, O. A, Yablonskiy found a measurable transfer of

1 g/sq. cm. min, at the surface with a wind velocity of

8 m/sec and a sharp increase as velocity increased: as high

as 20 g/sq;, cm ming at 30 m/séc. As for the role of snow-

storms in feeding the glacier, it would seem that there is

no perceptible transfer from south to north, i. e, the re~

moval of snow from the :E‘eed zZone, onow migrates pr1n01pa11y

along the ice divides, while the quantities of $now trans-

exrred in opposite direotions are roughly equal,
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Elaciologloal Tnvsstigations of the Institute of e bgraphy -
of: the Academy: of Sciences of*the“HSSRfAQcording'tbfthe.<j‘
. . Praogram of -the IGY in the Polar Ural: -~ - a

.~ The problem: of contemporary glaciation in’ the Urals
began attracting the attention oflinvestigatorsafrom~1930
onward, = In 1932~1933, she Committee for the 2nd Polar Year
organized the Urals Glacial Expedition, which. studied 16 - -
tarn and suspended glaciers in the area of the Sablya range
and the city'olearodnaya¢;'in the,yearsythat,folloWed3 a
number of new glaciers%were:discovered;and described in.
varicus areas-of the Sub«Polar and Polar Urals, . It became
evident that the major area:.of glaciation was located in
the northern portion of the Polar Urals in the region. of
lakes B. Khadata and B. Shohuchye. - - Here rather large - :
cirque~valley ‘glaciers Were‘located,-measuring.up t0 1.5 =

- Irasmuch:as it ascribed great importance to ‘the study
of glaclers ofaﬁhewsmaller-types,»therIGY,eommitteé includ~
ed glaciologioaluinvestigationsgin the Polar Urals in its f
program,TiAlsci@ntifiqaresearchﬁstati¢n:of;the Institute of

Geography‘bf‘ﬁhé:Academy,dfﬂSqiencesaUSSRuwas;gStablished';
in the summer offl957“intthegBoﬁKhadaté~Lake;region,‘and‘ '
began stationary»glaoiblogiéalﬂstudies§h;z"'9;5_;5', SR
‘;ﬁugBrief:Physid@GeographicrDescriptionaof,AreaAInVest;ggjgg,
~ *The.areaiinVestigated Ts sitwated in the northern -
watershed of the-Polar :Urals between 67° and. 68°% of lat, N.
A markedly*disseétéd_relief,is~charapteristic of this por=-
tion of the Polar Ufalsg“'maximumgabsolute.elevationsqnipwﬂ‘
mountainS'attain*1200e1300 m,~While~re1ativeLelevations vary
within a-range .of SOO-to,900-m;Ki“"“g;f.;~-n‘;%-i; .
-7 . There is a. striking difference -in the relief of the
western and eastern portions: of the Polar Urals, Tlatéau-
like uplands.are characterigtic of the qastern.pqrtion,',
~while the westy, in’addition\to,having,rounded,emiﬁénces; is

“gharaCterized“by;alpine+feaﬁures of mountain glaciation,
which include peak- "and crest-like rocky eminences,‘oirques,

deep‘steép-sidedsvalleys,iatca; It is precisely in this’
:part of the mountains ﬁhatfwevruh‘into“cirque”glacie;s.andf
meTOUS ‘SNOW" glacierse . L. . h . i oo Lt
T The'transvérSeuand;longitudinalwvalleys which divide
+he mountains into 'separate ranges and chains have steep .

sides and, frefuently; flat bottoms, . "Rurunmaki" /72 / and
va$iouS"permafrostiand;sol'fluxion»ﬁeatures gre abundant on
the slopese i .. N PO R T T S P
-~ 'On the:flat summits,‘features”result;ng from the

frost-sorring of materials are widespread, and include stone

i s




rings, bands and geometric figures.

Parts of certain stream valleys and individual basins
are occupled by rather large lakes (Bol'shaya and Malaya
Khodata, Bol'shoye and Maloye Shchuchye, Kuz'ty, Usvaty,
and others),  One encounters deep cirque lakes,

The climate of the area is continental, featuring a
long harsh winter and a short cool summer, Westerly winds
prevail, and attain at times velocities of 25-30 m/sec
(with gusts of 40-45 m/sec), The annual precipitation re-~
corded by the weather $tation of the B, Khodata Lake Ffor
the period from 1 September 1957 to 1 September 1958 exceed-
ed 850 mm, The most intensive precipitation was observed
in the summer and autumn months (June - October: 530 .mm);
The snow cover was'distributed unevenly over the various -
features of relief, Maximum' snow accumulation is Ffound +to
occur in valleys and cirques, : - .

As a result of the abundance of solid precipitation
and the prevalence of strong winds of constant direction,
favorable conditions are created for the accumulation’of
large snow drifts on the leeward slopes of open areas,’
which gendrate snow glaciers and small cirque glaciers,
As a rule, glaciers are situated in cirques of northeastern
exposure in the western upland zone of the Polar Urals,

2, Description of Subjects of Investigation,

The main Ffeatures studied by the Polar Urals Glaciow
"~ logical Expedition are the glacier named after the Institute
of Geography of the Academy of Sciences USSR, the Obruchev’
glacier, and the glacier of the MGU (Main Geodetie Office),
These are the largest glaciérs of the Polar Urals, They
are briefly described below, ‘ )

The Glacier of the Institute of Geography of the Acad.
Sci, USSR is situated on the eastern slope of Khar-Naurdi-
Rey Mountain, at the héadwaters of a stream which Fflows into
the lake of B, Xhadata, It has a length of 1,8 kms and an
area of l.4 sq, kms, The glacier occupies an asymmetric
cirque, open on its eastern end, consisting of two morpholo-~
gically distinet portions. The southern portion of the gla-
cler, which covers the lower rim of the cirque, is situated
on a completely open slope, and rises steeply to its very
crest, It is a typical leaning (sloping) glacier, of a type
widespread in the Polar Urals, The northern and larger por-
tion of the glacier has a well-developed lobe,; and belongs
to The cirque<~valley type of glacier, The glacier consists
of banded ice, which forms a well-defined ogive pattern on
the surface, The western and northern rims of the cirque
rises above the surface of the glacier as nearly vertical
200-meter walls, The lobe of the glacier is rimmed by the
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accumulations of the lateral moraines, attaining 30 m in
height, which merge at the end of the lobe to form a large
terminal moraine up to 400 m in width, = The morainic emin-
ences always contéin cores of ice, which are covered with a
sheath of erosional debris,  The’'erosional debris, which
originate on the slopes-of the cirque, are largely absorbed
by a’ system'of deep lateral crevasses which ring the gla-~
cier., At the transition point beétween the firn basin and
the lobe; there are several glacial sinks up to 30 m in
depth, The run off of melt water from the surface of" the
glacier takes place through a system of narrow gulleys -
which, upon merging at the terminus of the glaciér, form a -
shallow lake, The undercut of the lake is 830 m, Having -
opened a route for itself’under the terminal moraine in & -
the: form of an ice cavern, the melt water issues frém under
the. outer edge .0of the moraine as a full-size stream, milky-
white.in color from glacial sediment.,  *~ =~ s

' The Obruchev. glacier is situated six kms to the west
of B, Khadata Lake in & deep Steep=<sided cirque’of eastern
exposure, The length of the glacier is 1.2 kms, and its -’
area is 0,36 sq, kms, The‘glacier is formed of banded l1ce,
the lobe is poorly defined, and has a grade of up to 20%, *
ITts terminus is situatéd at an absolute elevation of 500 m,’
This is a typlcal representative of the cirque glacier type.
The central part of the glacier contains deep crevasses and
sinks, and the surface bears large bouldérs and rock frag-
ments fallen from the rims of the cirque, The texminus of -
the glacier and its nérthern part are covered with a large
morainic accumulation, whose core consists of ice,  The ‘
outer edge of the moraine drops steeply ‘to a small field
and a shallow lake, subdivided by the hummocks of an ancient
moraine, The glacial stream from the margin -of the glacier
flows between-the humps of the terminal moraine and entexs
the outlet lake., S S -

o ‘The MGU glacier lies five lms to the west of the
southeastern end of Llake M, Shchuchye, - It occupies a steep-
sided cirque elongate in outline, whose exposure varies
from northeastern to eastern, arnd then to northeastern
again, The léngth of the glacier is 2,2 kms, and its area
equals 1.15 sq, kms, The glacier has a well-~defined firn
basin and lobal portion, The firn basin rises steeply al~
most to the rim of the plateau, and contains deep transverse
and marginal ctrevasses, AL the point where the firn basin
joins the lobal portion there are several sinks up to 35 m
in depth; The ‘terminal portion of the lobe is markedly con-
stricted, and slopes down to an absolute elevation of 650 m,
Along the marging;of the lobe rise the high eminences of the

[

35




lateral moraines. (attaining 50 m in height), which become a
large terminal moraine at the end of the lobe, - The glacier
is formed of banded ice, which férms a very well defined
pattern of ogives on its surface; The terminal portion of’
the glacier is loaded with a considerablé amount of debris,
and "degradation cones and ridges" occur, The runoff of .
melt water takes place through gulleys which deepen gradus-
ally and disappéar at the terminus of the glacier in a
deep ice cavern, The glacial stream reappears from below
the outer edge of the ‘terminal moraine, flows across the =
"zandrovaya" /% 7 platform and flows into a shallow outlet
24  Description of Gladiological Investigations in the Polar
Urals., i ’

[ e

The main subjects of glaciological investigationsy
as pointed out earlier, are the Institute of Geography,
Obruchev and MGU glaciers, ' In addition, observations are
being conducted at ‘the base station on B, Khadata lake, On
the Institute of Geography glacier and at the base station,
stationary observations are being made throughout the year,
On the Obruchev and MGU gladiers,. stationary observations
are conducted in the summer, and episodic observations take
place at other times of the year, The expedition also con-
ducts mobile observations with a view toward studying the
glaciers and gaining a fuller knowledge of the conditions of
contemporary glaciation in the ¥rolar Urals., - ' :

Observations on the Institute of Geography glacier
began in spring of 1958. A permaénently operating stationary
observation point has been established to work in accordance
with the IGY program of glaciological studies,

The following types of observations are being conduc-
ted on the glacier and on the adjacent plateau, _

l, General weather observations, whose purpose it
is to study weather conditions on the glacier and the ad jar~
cent plateau, Weather platforms have béen set up in the
lobar portion of the glag¢ier (abs, elev, 880 m), and on'the
lower plateau (abs, elev, 740 m) 1 km SE of the glaciere
The weather platforms are equipped with: psychrometric
housings, housings containing 24-hour recorders (thermograph
and hygrograph), Tretyakov precipitation gages, a Wild vane,
a heliograph, snow-measuring rods, 4~interval’observations
are made of air and soil temperature; pressure, precipita-
tion, duration of solar illumination, wind direction and
velocity, cloud cover, visibility and atmospheric Pphenomena,
In winter time, 4~interval weather observations are conduce—
ted only on the plateau, while 24-hour recorders, serviced
daily, are in operation on the glacier, During the ablation
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glacier,

’

7'perlod weather obseryvations follow the same sohedule on the

glacler and ‘on the plateau, .
© 2, Actinometrie observatlons bear on direot, total,
scattered and refleoted radiation and on the thermal bal-

-ance, The weather platforms on the glacier‘and on the pla=

teau are equipped with actinémétric: apparatus 1nclud1ng alw=

Ybedometers and balance gages, ; During the ablation period,
actinometric observations on the glaoler followed an eight-

interval schedule or took place’as hourly. Serles, depending
on the wegther, In winter: tlme, actinometrid observations
are performed malnly on the plateau (eight intervals), ;
while episodic albedo surveys are conducted on the- glaoler,
. 3. TLapse rate observations are performed in cori-
Junction With actinometric end balance observations in or-
der to study heat exchange between the air and the underly-
ing surface (ice or ground ), and. the components of the heat
balance of the. glacier, .
During the ablation perlod lapse rate observatlons

- on the ‘weather platform of the glacler were conducted at

4 intervals and in series at 2~hour intérvals depending on

" the typé of weather at levels of 2,0, 1,0, 0,5 and 0,25 m,

The observations involved the use - of Assman psychrometers ‘
and Puss hand anemometers, In winter time , 4-interval lapse
rate observations at the same level are conducted on the-
weather platform on The plateau to study heat exonange be~_
tween thé snow surface and the air, '
4, Temperature observatbions on- the glacier wére be~
gun in January of 1339 in three 25-meter drill holes, per=

“forated in the firn,central and lobar poertions of the

glacier, Electrical resistance thermometers have’beén’set °
up in the drill holes in the ice at depths of 0,5, 1,0, 2.0,
3.0, 5.0, 10, 15, 20.and 25 m, In the drill hole of the -

-lovar portlon of the g1a01er thermometérs have also been

set in the snow layer at ind ervals of 0,5 m and in the air

- ona gradient mast at heights of 0,05, 0, 1, 0,25, 0,5, 1,0
~and 2,0 m, Remote control sw1tches have been installed

over the drill hole, with a lead out toward the living
quarters (1,5 - 2 kms) where a special control device, a
resistance bridge and a galvanometer allow the determination
of “temperatures of the ice (once in 24 hours), of the snow

- layer and the air (4 times in 24 hours)g As a check on the ’

correctness of ‘the temperature readings from the drill holes,

~ platinum thermometers have been installed,. to be used in
+-determining the temperature of the-ice two or. three times a

month. In the beglnnrnﬁ of wintery . tempereture soundlngs
were made:to a depth of 10 m in varlous portlons of the

; kB
g
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A 6-meter gradient mast has been set up on the weather
platform on the plateau, and is used to determine tempera-
ture gradients in the air at 1 m intervals, in the Snow'at
0,25 m intervals, and in the ground to a depth of 0.5 me
, 5. Hydrological observations on the glacier have been
performed during %Ee ablation period to investigate the -
attrition phase of ‘the equilibrium of matter in the glacier,.
The observations consist of daily water level measureménts
of the glacier stream,; of water discharge measurements, ob-
servations of surfage runoff on a runoff platform, and the
measurement of the eéxtent of ablation with the aid of abla-
tion-measuring rods. _ Co S

_ At 250 m from the outer edge of the terminal moraine
on the- glacier stream a waltexr observation point has been
set up,; equipped with a tyalday" level recorder, TLevels
were determined twice in 24-hours, and water discharge was’
measured periodically in the stream bed for various levels,
To measure runoff from the surface of the glaciery a runoff
platform measuring 40 x 20 m was set up, and used for several
twenty-four hour series of observations., Observations on
the runoff platform weIre performedfsimultaneously with lapse
rate and actinometric observations, thereby allowing a cale=
culation of runoff from the surface of the glacier as it
relates Lo the amount of inflowing heat, L

Throughout the ablation period, daily observations
of the melting of the ige were kept up on' the surface of
the glacier, using ablation-measuring rods, In all, 5 rod
travérses have been laid out, using a total number of 42
rods, The rods aré madeé of bamboo and are set in the ice at
a depth of 1.0 = 1.5 me . On the transverse lines, the rods
. are set at 50 m intervals, and at intervals of 100-~150 m

on the longitudinal traverse. : o ‘

6., Ovbservations of the snow cover on the glacier and |
adjacent portions of tThe plateau are conducted throughout
the entire period of snow accumulation and thaw, Obsexrvations
bear on the regimen, dynamics, morphology, structure and mi-
crostructure of the ice., One of the aims of the study of
the snow cover is an analysis of the "attrition phase of the
ecuilibrium of matter in the glacier, Rod alignments are
v-ed to observe snow accumulation., All Rods‘are checked at
10--day intervals (in the beginning of winter, the total num-
bLer of rods was increased o 58), In addition, the glacier
and plateau weather platforms are used daily for observations
of variations in the height and morphology of the snow covel,
On the glacier and on the plateau trenching is performed every
10 days, and studies are made of the compactness, stratigra-
ohy, structure and temperature of various layers within the
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SNOW cover, " These data are used to compile- stratigraphic
diagrams of the diagenesis of the snow cover, - Observations
are conducted of the transfer of snow by Snow storms on, the
blaoler and - adgaoent uplands.“w .

- Particular atténtion is belng devoted to the study
of the structure of the firn layer and to the analysis 6f
processes and types of ice~formation, For this purpose, the
firn layer has been trenched, and determinations have been .
made of the extent of ice aooretlon durlng the beglnnlnﬁ of
the snow thaw onthe glaoler.-_-

o 7, Observations of the velocity of motlon of the . up-
perxr. : 1ce layers:-are. carried out aiong rod alignments set up
on the glacier in the summer of 1958, The end~points of the
alignments are marked on rocks and -on thepplateau for refexr—
ence, A photo~theodolité survey of the glacier was periorm~
ed in t-he summer of 1958, , Its repetition in 1959 will make
it possible:to show the e: cent. of dlsplaoement of the. rods
as a result of glacier motion, - . ‘

In accordance with the -IGY program, ﬁhe types of Oh—
servations enumerated were not the only ones on the surface
of the glacier, Observations were also made of the manner
of displacement of erosiongl deébris on the surface of the
ice, snow slides, boulder avalanches, denudation of snow
from portions of the flacier and from slopes, the rate of
the filtration of water in the snow layer, and the rate of
percolation, using the dye method, Rock samples: have been
collected %to determine the lithological composition of the -
moraines, and observations have been made of the erosion ¢f
moraines by gla01a1 streams, -of the formation of moraines,; -
and studies have been made of specific crevasses and sinks
on the glacier, Samples of ice from Varlous levels were
gathered during drilling for an analysis of its microstruo~
ture and hydrostatic Welghing. A plane table:and’photothe o-
- dolite survey was pexrformed in the summer of 1958, and a
plan of the glacier was prepared at a scale of 1:5000, -

On the Obruchev glacier, observations were conductéd
durlng the summer and fall season of 1958 (June ~ August),
At the center of the glacier (abs, elev, 670 m) and on the
ancisnt moralne in front of the glacier (elevatlon 520 m) -
weather platforms were set up. These were used for general
weather (4-1nterva1), actinometric (8~1nterval) ‘and - lapse
rate (4-interval). observatlons. Balance:and lapse rate ob-
servations on the glacier were also oonduoted in‘series at
hour intervals, depending on the ‘type of -weather, -The-
weather platforms -have been equipped with* psyohrometrlo units,
precipitation gages, Tretyakov wind gages; a hellograoh, and
lapse rate and actinometric apparatus, L 4

v
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Ablation observations were also conducted on the gla-
cier 'using three rod alignments, with the'rodsfspaced at
20 m, Water level and dlschﬂrge were measured in the gla=-
cler stream, A snow survey, aiming at determining the snow
reserve of the glacier, was performed at the end of winter
in 1958. A phototheodolite survey was performed in the
su?mer “of- 1958, and a plan of the glacler was: complled at

25000 '

Observations were made durlng'the suiimer season on’
both the Obruchev and MGU’ glaciers, Weather (4-1nterva1),
actinometric (8-interval), and lapse rate (4-interval) ob-
servations were included, along with observations of abla~
tion and runoff, Weather platforms were set up on the gla-
ciers and‘were equipped with lapse rate and a¢tinometric
apparatus, precipitation gages and wind gages; Ablation-
measuring traverses were laid out, . Runoff plat;orms were
set up, to allow series of 24~hour observations in conjunc~
tion with lapse rate observations, Water lévels and dis-
charge were measured in the glacier streams, -

In addition to the investigations on the glaciers,
observations were alsd organized on the weather platform of
the base station of B, Khadata Iake, The weather station is
located on the outwash of a stream running through the sta-
tion at 500 m to the east of the Bol'shaya Khadata Lake
(absolute elevation of the weather platform: 232 m), The
weather platform is equlpped with the following: a psychro-
metric unit, a housing for recoxrders, vanes with heavy and
light-weight plates, a hellograph, a Tretyakov pre01p1tatlon
gage, a total-precipitation gagé, a pluviograph, lapse rate
and actinometric apparatius, IMC. Weather observatidms are
conducted -at 4 intervals, actinometric-observations, at eight
intervals, and lapse rate observatlons, at four intervals,:
Observations bear on the snow cover, and snow storm measure-
ments are taken, On the B, Khadata river, at 200 m from
its source, a water observation station has been set up, and
is used for daily measureménts of the water level and perlo~
dic discharge measurements,

To analyze cexrbtain metereologlcal features peculiar
to the B, Khadata river valley and adjacent tablelands, ob-
servations during the winter-summer period of 1957-1958 '
were organized at micro~climatic points, MK-1l, situated on
a plateau at 1.5 km north of the base station (abs, elev,
680 m) and MK-2, 13 km downstream on the B. Khadata river
(abs, elev, 180 m). : '
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The performance of a program of weather observations
in the valley, on the table and on the glaciers ensures the
possibility of an analysis of the climatic conditidns atten~
dant on glaciation in that part of the Polar Urals,

To find-general regularities in the distribution of
the snow cover, a snow-measurement survey was conducted in
the area of the Polar Urals under study in April-~May 1938,
It encompassed the B; Xhadata rivér and its tributaries,
adjacent table lands, and cirques, A traveling snow Survey
was performed on the eastern slope of the Polar Urals, A
study of the distribution of the snow cover is of great im-
portance in understanding the causes and conditions of the
Tormation of glaciers in the Folar Urals,

Field trips were organized in the summer of 1958 to
investigate and gain Inowledge of a number of glaciers in
the Polar Urals., Studies and descriptioéns were made of
glaciers situated near the base station, as well as in the
Oche~Nyrd range (60 kms to the north of B, Khadata Lake),
where the northernmost focus of glaciation in the Urals is
located, o ’

4, Expedition!s ILiving and VWorking Quarters, Communications

and Transportation Facilities,

At The central base located on the shore of lake 3,
Khadata, 5 log and plank houses weré bullt, These varied
in usable space from 25 to 65 sq,‘me. They contained living
quarters for the expedition staff, the weather station, ‘and
workshops. The base includes a mess hall, a bath house,
stores, a garage and a power plant, _

Small heated plank houses have been built near the
Institute of Geography and Obruchev glaciers, Other fea-~
tures under study are made accessible through the use of
small mobile houses on sleds and heated tents,

The expedition has been provided with the following
means of transportation: <two S-80°tractors, two DG-54 trac~
tors, one GAZ-17 all-surface truck, and a GAZ~63 car,

- In addition, 'helicopters, horses and réindeer are
rented, when needed, from local organizations.,

Communications within the investigated area aré ef-
fected by means of portable radio and telephone units,

Radio contact over long distances is maintained through a
transmitbter-receiver at the central base,
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A Brief Description of the Objects of: Investigation and A
List of Activities of the Elbruz Expedition .

. The following field’ partles participated 1n the 1n~_*
, vestigations of the Elbruz Expedition° R ‘
I’ Phototheodolite partya c

IT; Climatclogical party. - ,

Ili. Hydrological party. = - RN

1Vi . Southern GlacionGeomorphological party. ‘

Ve~ Northern Glacio~Geomdrphological party., L

VI. Glaciological party. ‘ Lo

. VII, Thermo~physical party. - -f~””']';f_ﬂg
. VIII,. Paleo=glaciological party.- Ly :

IX, Vinter party at "Glacial -Base", = .

Preparatory operations at Terskol (2200 m) 1nc1uded_~
the construction of the Claciological Station of the Main
Geodetic -Office (two.buildings), At the same: time, alloca~
tion for temporary use ‘was mwde of- the quarters of ClaOial
uase at 3700 m. ‘ L

f',‘

le - Information on act1v1ties of the_photoatheodolite_partz
under IGY program,

..-m...-—-—-m.—w—--—_——uu

northeastern slopes of ‘the Elbruz. -

‘Phototheodolite* operations on Mt, Elbruz are concerned
with defining the spatial extension of . ‘glaciers and snow gla=~
ciers, This year'!s work included the followingt. ‘

a) complete surveys of glaciation on the Elbruz
(eastern and northeéastern slopes) at a scale of 1:10,000,.
with a view toward recording the extension of all glaciation
on the Elbruz during the IGY period;

-~ b) re~surveys of specific Elbruz glaciers at scales
of 1:2000 = 1:5000, These strveys aim:at a study of annual
fluctuations of the spatial extent of the glaciers, - =

The following areas have been: covered by the survey
at 110,000 during the IGY period s S S

90 s5q. kms on the east, and’

50 sq, kms on the no:t‘theast° T ‘ :

~ The glaciers B, Azau, Teresksl and Irik have been :
surveyed at larger scales, = -

_ . In order to gather fully valid cartograohic materials
from the data of the photo~Lheodollte survey,y considerable
geodetic work was pexformed in 1958 in order to tie in indi-
vidual photographic stations into a single partial system of
coordinates, .

‘
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2._ Bquipment, . | -
Photo-theodolite survey field equipment includes: =
a) an FII (TAN model) photo=theodolite camera, with
applied frame format of 13 x 18 sq, cm., a foecal length of

f% = 193 mm (manufactured in the USSR);

b) a TB-1 optical theoddite with an optical micrometer
interval value of 1" (manufactured in the USSR);
c) a 2-x meter Zeiss range=finder rod. . ‘
The processing of the materials of the phdto-theodo-
lite survey is taking place on the large Zelss stereocauto~
graph No, 11295, ' - A
3, Bnumeration of principal sctivities, '
The Following kinds of operations have been includ-
ed and completed at the present time under the program of
the laboratory processing of the photo~theodolite survey
materialss ' : L '
- a) geodetic compubtations; ‘o
b) compilation of maps at the scale of 1:10,000 for
the southern and northern slopes of Mt, Elbruz; :
.- ¢c) compilation of maps of glaciers B, fizau at 1:5000
and Ullumalyenderku at 1:2500; : .
d) compilation of photosraphic map from aerial pho-
tographs of 1957 flight;
e) completion of work on content and conventional
signs of glacier maps; - ' o .
T) processing of materials of photo~-theodolite re~
surveys of glaciers B, Azau, M, Azau, Garbashi and Terskolj
g) study of the dynamics of the B. Azau glacier
over a period of 47 years, by using materials of the Duim-
eyster surveys of 1911, S

Elbruz Expedition,

o, Information oh activities of climatological party of

1. The purpose of the work is to investigate the
components of the thermal balance of the glacliers on the
southern slope of Elbruz, . ‘

o, Area studied, The main observation area was
situated on an open even tableland measuring roughly 1.5 x
0.8 kms, at an altitude of 3750 m above sea level, The
surface of the plateau has a slight grade from west to east
( 1~ 3°9), The underlying surface (during the summér season)
consists of firnized ice a Tfew meters in thickness, under-

" laind by ice. _ . ’

, Transportable platforms, on which observations were
conducted over periods of 1 - 2 days, were set-up a) on the
lobe of Barbashi glacier, 200 m from base camp, b) on the SE
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slope of the gla01er, 60 m below the base platform, and c)-
at "Shelter 11", on'a steep incline” of the glaoler at an
elevation of 4200 m above sea level, .

- 3, Content 6fF investigations, The bas1c subaeot
under: investigation, "the thermal balance of glaciers on the.
southern slope of. Elbruz", involves studies -of. the lollow1ng.

© a) the radiation balance,

" b) turbulent heat exclange betWeen the ground-level
air layer and the underlyin° surface, _

~¢) the evaporation = oondenSatlon prooess on the swr~
face of the -glacier;

. d) direct meaSruements of ablatlon and acoumulatlon
in the summer season,

e) the moisture oontent of ﬁhe snow (llquld phase)
in the upper layer, and’ ‘

f) measurement of heat flow in the upper snow layer
(down to 40 -cm), 4

4, Observation programl equlpment. s

The following observations were conduoted on the base
platforms '

‘a) measurement of the oomponents of the radiatlon
balance (total, scattered, reflected solar radiation, long-
wave radlatlon balanoe) by means of a thermoelectric acti~
nometer, a stationary albedometer, a balance gage, and an
indicating galvanometer of type GSA-1, The duration of sun-
light is recorded by means of a Campbell~ ~Stokes hellograoh.
Observations were conducted hourly from 7 to 19 hours.

b) Iapse rate obsexrvations (measurements of atmospher-
ic temperature and humidity, wind velocity) with the aid of
suction psychrometers and‘manual anemometerse - anh ‘series
of observaltions conducted, like the'actinometric observa-
tions, at hourly intervals between 7 and 19 hours, includ~-
ed 8 measurements of ‘temperature and humidity; and 2 10~
minute anemometer observations, 24-hour observat 1ons at
hour intervals were conducted non-periodically,

¢) Lieasurements of evaporation (oondensatlon) Lfrom
the surface of the snow were performed with the aid of eva-
porators, made .of organic glass (dlmen51ons 12 x 12 x 10 cm),

dS Direct measurements of ablation (aooumulcilon) on °
the surface of the plateau with the aid of 18 graduated rods,
set along two mutually perpendicular profiles (S~N and V-E),

- At specific points in the profile, measurements were made ’
every five days of tlie oompactness of the upper snow layer,
using a snow weigher,,

e) Tests to determine tne moisture oontent of the
snow (1liquid phase) were conducted sporadically (dependlng
on weather oondltlons) by the calorimetric methods ‘As a
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rule, humidity content was determined for the upper snow la-
yer (down to 15~20 cm) durlno the daily thaw perlod (from
9-10 ‘o 18 hours). L

) Several experiments were also made in measuring
heat flow directly in the upper Snow layer, using thermo=~"
transitometers, prepared in the laboratory of Brofessor V,
A, Savelyev,

g) In addition to the abservatlons 1lsted for the
base platform, additional observations were conducted over
limited periods, These included measurements of the tem~
verature of the surface of the snow at night time us1ng a
‘thermo-"pauk /2 7.

h) Recordings of "at mosoherlo temperature and humidi-
ty at an elevation of 0,5 m,

i) Measurement of the temperature in the SNOowW layer
down to 1 m by means of platinum thermometers,

j) Measurement of temperature down to a depth of 1m
by means of a humid thermometer.,

Observations followed a simplified schedule on the
transportable platforms:

a) measurement of atmospheric temperature and humidi-
ty, wind velocity at elevations of 0,5 and 2,0 m from the
surface with the aid of psychroémeters and anemometers;

b) measurement of total, scattered and reflected
radiation by means of a field albedometer, .

5. List of instruments used in the observations:
thermoelectric actinométer,
stationary albedometer,

Tield albedoteter,

balance gage, - !
GSA-1 model galvanometer, -
suction psychrometérs,

manual anemometers, : ‘
Campbell~Stokes heliograph,
24-hour thermograph;
24—hour hygrograph,’
ninimum thermometer, °
expansion thermometer,
platinum resistance uhermometers with MVU-49
‘bridge,

standard scales T~lOOO,
snow weigher, v

Non-standard equipment:’

1) thermotransitometers,

2) evaporators,

3) thermo~“pauk" Z“?

4) rods, oo
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. . the same name.,

%, Information on activities of the hydrological party of
tﬁe‘IGY Elbruz expeditions. - T e

Description of area worked. .- SRR L
N . The operations of the hydrologicallparty:of.the~IGY'g
Elbruz expedition were organized on the “southern slope of
the Elbrugz, on ‘the Garabashi glacier ‘and on the stream of - .

'The party consisted of four persons, R AR fL
- The'work took place ‘at . two points: at a hydrometrio
station set up on the Garabashi river below the*confluence
of the streams forming it, and on a +unoff area, outlined .
on the lobe of the Garavashi glacier, =~ .. T
The lobe of thé glacier, on which.observations were . -
conducted, is very ‘suited to such work, 1is easily adcessible,
and lacks crevasses of any great size and ice fallsy, The )
grade of ‘the lobe of ‘the glacier is about 15° on the average,
In spots, the lobe ‘is snow-covered (this applies o about
70 percent of the total surface of the lobe in the beginning
of summer, and to no more than 10 percent at the. end), e
S There 1is Well-developed,supérficial hydrographic sys&

tem on the surface of the glacier, It is formed of streams,
" troughs, depressions, eto,,“whioh=represent a definite re=- -

gulating volume, o L T Do

" All the surface runoff from the glacier merges into

three large streams’which then join to form the Garabashi
river, . ‘ S . R _
The river is.a typical mountain stream: the bed is
poorly defined and gontains boulders, waterfalls, and very
steep and uneven grades, The behavior of the river is like=
wise typlcal of streams fed by sSnow and glaciers: it has
Well-@efined‘diurna1<patterns of water discharge and suspen=
sion content, with well-marked lows at night and in ocold.
weather, . © o o )
. In its upper part, the valley of the Garabashi R. -
was quite récently (map of 1878) occupled by the lobe.of -
the glaciers It is V-shaped and has steeD rocky or morainioc
sides, The valley is overloaded with fragmented materials,
"and for this reason may have dangerous landslides. -Evidence
of slides on a considerable scale (the last of which Was Ob =
served in 1947) are easily seen where the Garabashi R, en=
+ters the valley of the Azau river, . S .
- The valley'is passdble only with difficulty in its
lower and middle portionse - = T :

- - The purpose for which a hydrological party was organs
ized within the Elbruz expedition was that of studying the
regimen of a mountain stream in the periglacial’zone, and
the genesis of surface runoff on a glacial lobees = -

48




. The 1nvest1gat10ns were pursued in the two: dlrectlons
mentioned earlier: on the one hand, observations of the le=
vel and discharge pattern and the diwrnal turbidity pattern
at the hydrometric station and, on the other, observations
at the runoff area on the lobe of the glacier with simultane
eous attention to ablation by means of ablation-measuring
rods set up along a transverse profile cutting across the
lobe of the glacier, - :

- Tistribution of all types of hydrological ebservatlons.

‘a) The hydrometric station, equipped with a wooden
bridge, is situated 200 m downstream from the confluence of
the three streams that 8o to form the Garabsshi R., at a
point where the stream is not d1v1ded 1nto arms and has a
relatively stable bed,

b) A water-measuring statlon has been hollowed out in
the rock 50 m above the ‘hydrometric dam, and consists of two
rods, a main wooden one, and.a spare one, :

¢) An automatic level recorder of the "Valday" type
has been set up 100 m below the hydrdémetric dam in a speclally~
'desvgned wooden trough with a bridge,

d) The runoff area measures 10 x 10 m is bordered by
a double ditch and is situated on the glacier ice of the lobe
of the Garabashi glaoler, 100 m from its eastern edge, in an
portion having a uniform incline of 10 - 150 and lacking
crevasses, A control rod for the observation of ablation
and a mast for an Assman psychrometer ‘have been installed
near the areaes

e) The ablation rod profile extends across the lobe
of the Garabashi glacler from its eastern to its western
margine The proflle is marked with 8 rods'l.,5 m in lengmh,
originally set in the 1ce at depths of 1 m, and graduated in
5 em intervals,

Content of hydrologloal observations by category,

a) Water-measurement observations take place at six
times: at 8, 10, 12, 15, 17 and 20 hours, The observations
bear on level and on water and atmospheric temperatures,

b) Samples for the détermination of turbidity are
taken at 8, 15 and 20 hours, The samplé volume was three
1liters at the beginning, then éne liter, The samples are
allowed to settle for 24 hours, and are then flltered through
paper filters,

¢) The tape is changed once in 24 hours at 8:00 hours
in the "Valday" levél recorder, Addltlonal check in the
“daytime at 16 hours,

d) At the hydrometrlo statlon, water discharge is
read from once to three times in 24 hours (24=hour series),
This was done daily at first, then once svery 2 « 3 days
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after the form of the curve =/, / [5ig7 had been
ascertaineds In"ally;25_dischargesihave_been‘measufed; B
: 's) At the runeff area, series of water discharge
measurements are performed hourly by the volumetric method
with simultaneous measurement of atmospheric temperature ‘
and humidity at an elevation:of 2 m above the surface:of the
ice by means of an Assman‘psychrometer;' Diurnal observa= .-
tions wereAusually,conducted’until,the'surfa¢q,runofffstop-
ped. or dropped sharplyes e R S T
. f) Observations of ablation-measuring rod took placde-
on days at which work was taking place at the runoff area, -
prior to the béginning and after the end of observations of
surface runoffy . s T

4, Information on acfivifies of ‘the southern glaciogeombré
phological party. R e —

The party consisted of three pérsons, - -
1, Description of area worked, v - - oo
~ The area Investigated 1S situated within the confines
of the southern slope of 'It, Elbruz, TFive glaclers and . . .
periglacial vallgysgwere'studied'durihg the IGY period}?
Roltshoy Azau, Malyy Azau, Garabashi; Terskol and Irike
Operations ranged at elevations of 2 %0 5,5 thousand meters.
. A1l the glaciers and periglacial valleys mentioned
above are similar to One another from the glacio~-geomorpho="

logical point of view, and share a common pattern of devew -
lopment, At the present time, they are all in-a phase 0f
retreat, which began in the fifties of the last:centurye -
" The most distinctive features of . the area herein dee
scribed (geomorphologically) are: T
a) the presence of glacial relief formsy .= =
b) the great development and wide distribution of
‘nival processes and nival relief formsj; . S
' ¢) the wide distribution of avalanche -activitys
- 4) lendslides. . = L S
Glacial relief forms are repreSenxed-mainlylby the’
acoumulations of riparian moraines of the 1ast;%1aciationt
fluvio=glacial terracing and terminal moraines (B,'Azau’
valley): Traces of earlier glaciations in the area inves=
tigated ‘have hardly: been preserved at all, -Among them,
however, should be‘mentioned the trough~like - nature of the
valleys in general, and trough edges presexved at -certain.
locations, in particylar. o oL S
- In addition %o glacial activity, nival procesSsesS
have had an important role in forming’the.relief'and friable
deposits of the areas and speGifically, the role of snow has
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been cons1derable. One of the forms in which the activity -
of the snow assumes are avalanches, which create digtinctive
features of relief: avalanche troughs and channels, erosion=-
al fans, ‘which frequently cover moraines and fluv1o~g1aola1
terracesy Awalanches have a very wide dlstrlbutlon in the
area we are describing.

Another very characteristic feature of our area are
landslldes. The parent materials of landslides are often’
morainic deposits, and this has frequently confused obserw
vers, who have mistaken sollflux1on lobes and rldges for
terminal moraines, '

A very interesting feature of glaciation in the area
described is the occurence, in the ice on Mt. Elbruz, of
young Holocene lava outpourings, The problem of the relaw-
tionship of these lavas and moraines is a fundamental one
in attempting to find out the history of the last glaciations

A typical feature of glaciers in the southern area of
glaciation on Mt. Elbruz is the occurence of dead ice de-
posits (these are most abundant in the upper part of the
B. Azau valley), Dead ice deposits Yepresent one of the
Phwses of the existence of a glacier, They may be termed

"dead" it would seem.only in an arbitrary sense.

2o Purpose of the investigations,

The main purpose of the investigations is to gain
knowledge of the dynamics of the glaciers and of their geo=
logical and geomorphologlcwl activity, as well as an under=-
standing of the basig® geomorphologlcal processes in the
perlglqclal Zone . 8 _

3, Major topics studied:

*a) The dynamlcs of the g1101ers over the past 100
years,

b) Thé geologleal and geomorphological aot1v1ty of
the glaciers,

¢) The relationship of Holocene lavas to the moralnes
of the last glaciation,

d) Major exogenous processes in the perlglaolal ZONe o

- 4, Content of observations:

a’) Compilation of glacio=geomorphological map at a
scale of 1:10,000,

b) Installatlon of markers at glaclal termini,

5. Information on act1v1tles of northern glacio=geomorpho=
logical party

. Purpose of'Work; Inveétigation of northern and west-
~ern glaciated areas of Elbruz. Compilation of glacio-geo=
morphological map at 1:10,000, o : : '
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Work completed, 1) A glacio=geomorphological map of
the northern ang Western glaciated areas of 'Elbruz has been
compiled on the basis of aerial photographs. . ‘

2) A paper entitled "The Glaciers of thé'Nbrthqrﬁ
Slope of Mt Elbruz" has been prepared and sent to print,

6, _Tnformation on activities of glaciological partys

) Al1l: work took place on the sdutherndslopevof_Elbruz
M, (on the B, Azau glacierpandtatfthéﬁﬂlapial,Base).I
Purpose of investigations: a.sbudy of the conditions
of formation and the s%ructure‘of7tﬁefElbruz_glacigrs with’
the aid of spore andfpollen,analySis;wpetrbgraphiO'methods, _
and other techniques, - R o
. The investigations were conducted on the B, Azau
glacier and in the area of the @Glacial Base. TIwo crevasses
were studied in the vicinity of Glacial Base, the 1st below
the ice fall on Garabashi glacier, measuring 7 m'in depthy,
the  2nd near Shelter 9 . (elevation 4000 m), measuring about
20 m in depthe | . TP S
‘Ice samples were gathered from them for microphotos
graphyy and the dimensions of the ice crystals at various
depths in the crevasse were then determined, Sanmples wele .
also taken of dead ice near Glacial Station and on the Bo
Azou glacier, T s RSP |
- Microscopic investigations and photography took place
in a specially-designed  labaratory ithin the dead lce de=
posit near Glacial Base, - e
o Samples of snow and ioce were. also removed from these
crevasses for spore and pollenjanalysis.to/determine‘the_{,j
time of jear at . which speciinrlayers-had formedo = I
-~ 2 samples of water and_of,red.snow,were'taken'from -
the surface of Garabashil glacier”fbr:diato@'ahalysis, 3
ice samples have been gathered for a-chemical analysis of
the composition of active and dead ice., = CL
: A1l the snow and ice samples gathered for various
analyses are being processed at the pre sent time. ‘

7,,'Information‘oh;activities of thermophysical group,

During the IGY period, work has been in progress to=.
ward a thermo-physical survey of the southern slopes of the
Flbruz glaciers, using the methcds~and~equipment-fecommended
by the Glaciology Work Group of the IGY Committee, . . °
| " Activities included the drilling of 5 one~meter holes,

layer~by-layer temperature determinations, and the determim
nation of densities within the upper firn snow lajer: :
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Three proflles were plotted." . . ,
1) Glacial Base (3760 m) - upper end of Shelter 9
(4300 m) 3

53 Shelter 11 (4200 m) = Pastukhov Shelter (4800 m);
3) Pastukhov Sheltexr (4800 m) - Col (5300 m),
The drill holes were spaced at elevation intervals of
roughly 100 m from Glacial Base to Pastukhov Shelter, '
 Purpose of Organizing Investigations:
L) to differentiate vertical 1ce-formatlon zones on,
the southern slope of Elbruzj - '
2) to ecalculate the. heqt content and cold reserves
in the upper active layer of the glacier,
" Snow density determination was carried out by means
of a layer density gage weighted in units of density.
Measurement of ice density Were also made by the hy=
drostatic weighting technique, :
) ‘In all, 14 holes were drilled of a total length of
6055 m, the average hole depth being 4 4 m, About 60 tem~
perature measurements were madeo ‘ '

Ba Informatlon on activities of paleo4glaciologioa1 pqrtv.

The work of the paleog1%01ologlcal party is based on
reconnaissance studied, The purpose of the work is bto’study
traces of ancient glaciation in the vicinity of Elbruz,
the study of +the ‘geological and geomorphologic¢al effects of
relief-forming processes during glacial times, and the com=
pilation of a local $tratigraphic diagram of Quaternary de=
posits, During 1956, 1957 and 1958, investigations took
place in the valleys of rivers Baksan, Malka, Kuban' and
all its affluents (including the Teberda R. valley to thé
west and the Adyr-Su and Adyl-Su R, valleys to the east), °
as well as in the Kuban'!<Malka and Malka-Baksan watersheds,
In 1959 investigations will be expanded to include the ade
jacent areas of the ‘northern slope of the Greater Caucasus
and piedmont plains, : :

9, Information on the activities of the winter party at
"Glacial que.”

1, Thermo~physical observa“clonqo

a) stationary tempecrature observations at the 20-m
~drill holes (daily at drill-hole No, 1, once every tliree

" days in accordance with a runnlng curve at holes nos, 2 %nd

3)e

) Determlnatlon of ice densities (tw1ce a month)°
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2, Accumulation and ablation observations, '

a) Snow-measurement surveys along profiles (daily)e
Determination of density of upper snow layer along profiles
(once every ten days)e

b) Observations of wind=blown transfer (during every
snow storm)e ;

¢) Visual observation of accumulation and ablation
above "Shelter 11%,: ;

Cbservations involve the use of the following equipe
ments ‘

1) Temperature measurement: use was made of copper
resistance thermomsters’of type ZTM-Khl with 2-a graduation
and a rating of 53.ohms, and platinum resistance thermomé ters
of type ZTM=310 with 2=a graduation and a 100 ohm ratinge.

A three-lead circult waé used for measurement., MVU-49 brid=-
ges being used as meters

2) Snowsmeasurement surveys: wooden 4-meter rods
graduated in centimeters,

%) Snow density measurements are taken by means of
the standard density gage used by the Hydro-Meteorological
Sexrvice, ;

" 4) Snow~storm transfer: snow-storm gages of model

BO—Z o .
5) Ice density determindtions were by the standard
hydrostatic weighing techniques,
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